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Electelc Power S-t^erxng Device and MetJiodl for Controlling 

the Same 

Back^zround of tihe Xnven^on 

Field of the Invention 

The present invention relates to an electric power 
steering device that gives a steering assisting force by 
5 using a motor and a method for controlling the electric 
power steering device. 

Description of the Related Art 

In a related electric power steering device adapted 

10 to give a steering assisting force by using a motor^ the 
steering assisting force is changed according to operating 
conditions^ such as steering torque and a vehicle speed. 
However^ in the case of einploylng such a related electric 
power steering device adapted to simply change the steering 

IS assisting force according to the operating conditions / when 
a steering speed is changed^ a steering feeling is worseried 
under the influence of the inertia of a moving part of a 
steering system, which includes the motor. Thus/ the 
following countermeasure is taken. That is, a rotation 

20 angular speed of the motor is obtained according to the 
inter-terminal voltage, electric current, resistance, 
counter-electromotive-force constant of the motor thereof. 
Then^ an output of the motor is corrected according to a 
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rotation angular acceleration computed froia the obtained 
rotation angular speed in such a manner as to compensate 
for the influence of the inertia of the moving part on 
steering. However, the obtained rotation angular 

5 acceleration of the motor lags behind an actual angular 
acceleration of the steering wheel/ which is caused by 
actual steering. Consequently, the influence of the 
inertia cannot be compensated for with timing with which 
Streli influence snouJ,a Be compensated tor. r Thus , CHe" 

10 steering feels heavy. 

Thus, there has been proposed a related power 
steering device adapted to compensate for the influence of 
the inertia according to an angular acceleration of a 
steering wheel, which corresponds to a sum of a change 

15 acceleration of steering torque and a rotation angular 
acceleration of a motor, instead of a rotation angular 
acceleration of the motor (see Patent Document 1). 

[Patent Document 1] 
20 Japanese Patent No^ 2,694,213. 

However, the related device has encountered 
problems that when a steering direction is reversed at high 
speed, the related device cannot accurately compensate for 
25 the influence of the inertia with timing with which the 
device should compensate for the influence thereof, and 



2 



U3-1 0-*2B ; 2 :55PM;NGB 



McGINN & GIBB ;81 355613954 



# A- 10 



that a steering feeling is worsened. 

SuzxBirary of the Invention 

Accordingly^ an object of the invention is to 
5 provide an electric power steering device enabled to solve 
the aforementioned problems - 

To achieve the foregoing object, according to the 

— : — inv en t i o n ./ — fehe*^ — SrS — pire^^yjrde d a n el ecfee^ic— powe^^^-^teeriiixg^ 
device, which comprises a motor for generating a steering 

10 assisting force/ means for obtaining steering torcjue, means 
for obtaining a rotation angular speed of the motor, means 
for obtaining a steering angular correspondence value, 
which corresponds to a sum of a value obtained by 
multiplying a change acceleration of the steering torque by 

15 a gain and a rotation angular acceleration of the motor, 
according to the obtained steering torque and the obtained 
rotation angular speed of said motor, means for regulating 
the gain, means for storing relation between a motor output 
correction value, which is preliminarily determined in such 

20 a way as to compensate for the influence of the inertia on 
steering/ and the steering angular acceleration 

correspondence value, and means for controlling the motor 
in such a way as to correct a steering assisting force 
according to the motor output correction value obtained 

25 according to the obtained steering angular acceleration 
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correspondence value and the stored relation - 

According to the invention, the influence of the 
inertia of the steering-cassis ting- force generating motor is 
compensated for according to a steering angular 
acceleration correspondence value, which corresponds to a 
sum of a value obtained by multiplying a change 
acceleration of the steering torque by a gain and a 
rotation angular acceleration of the motor. The gain can 

F atio of the ohan ^e 
10 the steering torque to the rotation angular acceleration of 
the motor can be increased. Consequently, in the case that 
a steering angle is reversed at high speed, the motor 
output correction value, which corresponds to the steering 
angular acceleration correspondence value, can be 
15 , increased. Thus, the influence of the inertia of the 
steering assisting force generating motor can be 
compensated for with accurate timing - 

Preferably, a rate of increase in magnitude of the 
motor output correction value in a range, in which 
20 magnitude of the steering angular acceleration 
correspondence value is large, is set to be larger than a 
rate of increase in magnitude of the motor output 
correction value in a range, in which the magnitude of the 
steering angular acceleration correspondence value is 
25 small. Consequently, in the case that the magnitude of the 
steering angular acceleration correspondence value is 
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small, and that there is no necessity for compensating for 
the influence, the motor output correction value is 
prevented from becoming excessively large. Conversely, in 
the case that the magnitude of the steering angular 
5 acceleration correspondence value is large, and that there 
is high necessity for compensating for the influence, the 
motor output correction value is prevented from becoming 
insufficient. Proper inertia compensation is achieved • 

Brief Description of the Drawings 

xo FIG. 1 is an explanatory diagram illustrating the 

configuration of an electric power steering device that is 
an embodiment of the invention; 

FIG. 2 is a control block diagram illustrating a 
motor, which is used for generating a steering assisting 
15 force/ in the electric power steering device that is the 
embodiment of the invention; 

FIG* 3 ±s a graph illustrating the relation among 
the steering torque, vehicle speed, and assist current 
value of the electric power steering device that is the 
20 embodiment of the invention; and 

FIG- 4 is a graph illustrating the relation between 
the steering angular acceleration correspondence value and 
the compensation current value of each of the embodiment of 
the invention and a modification thereof - 
25 In the drawings, the reference numeral 1 refers to 
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an electric power steering device; 2 to a steering wHeel; 3 
to a vehicle wheel; 10 to a motor; 20 to a control unit; 
20d to a gain regulator; 22 to a torque sensor; 25 to an 
inter- terminal voltage sensor; and 26 to a motor current 
5 sensor. 



Detailed Description of the Preferred Cmbodiznents 

An electric power steering device shown in FIG. 1 

^hars — ar-ifteo h anrls m f o -r — fegan sm i tt ing— a — ro-feafeion — of — at — st ee r ing- 

wheel (or operating member) 2, which is caused by steering^ 

10 to vehicle wheels 3 so that a steering angle changes. In 
this embodiment/ a rotation of the steering wheel 2 i$ 
transmitted to a pinion 5 through a steering shaft 4^ so 
that a rack 6 meshing with the pinion 5 moves. The 
movement of the rack 6 is transmitted to the vehicle wheels 

15 3 through a tie-rod 7 and a knuckle arm 8. Thus^ the 
steering angle is changed. 

The device 1 is provided with a motor 10 for 
generating a steering assisting force/ which acts upon a 
path for transmitting a rotation of the steering wheel 2 to 

20 the vehicle wheels 3» In this embodiment^ a rotation of 
the motor 10 is transmitted to the steering shaft 4 through 
a reduction gear mechanism 11. ThuS/ a steering assisting 
force is given thereto. 

The motor 10 is connected through a drive circuit 

25 21 to a control unit 20 constituted by a computer. A 
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torque sensor 22 for detecting steering torque T 
transmitted by the steering shaft 4/ a steering angle 
sensor 23 for detecting a steering angle Sh^ a vehicle 
speed sensor 24 for detecting a vehicle speed V, an inter- 
s terminal voltage sensor 25 for detecting a voltage 
developed between the terminals of the motor 10, and a 
motor current sensor 26 for detecting a motor current are 
connected to the control unit 20. The control unit 20 

obtrairs^ — a, — notation — angular — spieed <n — oif — the motor IQ as a 

10 rotational speed of the motor 10 from the inter-terminal 
voltage and the motor current, which are respectively 
detected by the sensors 25 and 26, and from the resistance 
and the counter electromotive force constant of the motor 
10, which are stored therein, by using a known operation 
15 expression. 

The control unit 20 controls the lootor 10 so that a 
steering assisting force changes according to operating 
conditions, and that the influence of the inertia of a 
moving part of a steering system, which includes the motor 
20 10, on steering can be compensated for. 

FIG. 2 is a control block diagram illustrating an 
operation of controlling the motor 10 by the control unit 
20* An assist current value la is obtained according to 
the steering torque T and the vehicle speed V, which are 
25 obtained as the operating conditions, in an assist current 
computing portion 20a- The relation thereamong, in which 
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the magnitude of the assist current la increases with 
increase in that of the steering torque T and with decrease 
in th6 vehicle speed as illustrated in, for example, 

FIG. 3, is preliminarily determined and stored in the 
5 control unit 20, The assist current value la is obtained 
from the stored relation, the obtained steering torque T, 
and the obtained vehicle speed V. 

A steering torque change rate dT/dt, which is a 

di f f ereavfetel — vaiue — e# — ^fehe — obt^aria^d — s^e^ng — tor.qfue — ILf — i^ 

10 obtained at a differentiator 20b. A value (1/K) • (dT/dt)to 
be obtained by multiplying the steering torque change rate 
dT/dt by a constant 1/K is obtained at a multiplier 20c, 
In this embodiment, torque to be transmitted by the 
steering shaft 4 is detected as the steering torque T. 
15 Thus, the constant K corresponds to the torsional stiffness 
of the steering shaft 4 of a torque detecting portion- In 
a casie where the torque detecting portion is constituted by 
two members connected by a torsion bar, the constant K 
corresponds to the torsional stiffness of the torsion bar. 
20 A value (Kg/K) • (dX/dt) to be obtained by 

multiplying the value (1/K) • (dT/dt) by a gain Kg, which is 
adjusted by a gain regulator 20d, is obtained at a 
multiplier 20e. The gain regulator 20d is connected to the 
control unit 20 and enabled to adjust the gain Kg by being 
2S operated by an operator. 

A pinion angular speed (©/N) to be obtained by 
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multiplying the obtained rotation angular speed o> of the 
motor 10 by a constant (1/N) . In this embodiment ^ an 
output of the motor 10 is transmitted to the steering shaft 
4 through the reduction gear mechanism 11. Therefore, the 
5 constant N is a reduction ratio of the reduction gear 
mechanism 1 1 . 

A steering angular speed correspondence value u^ 
which is a sum of the value (Kg/K) • (dT/dt) and the pinion 

STigu"3t^r speect—far/tJ)-? — irs obtaine^d at an . adder 20g, . — r-r: : 

10 A steering angular acceleration correspondence 

value du/dt/ which is a differential value of the steering 
angular speed correspondence value u, is obtained at a 
differentiator 20h. Because du/dt = (Kg/K) - d^T/dt^ + 
do/dt • (1/N), the value du/dt is obtained according to the 
15 steering torque T and the rotation angular speed of the 
motor 10 as the steering angular acceleration 
correspondence value, which corresponds to a sum of a value 
obtained by multiplying the change acceleration of the 
steering torque T by the gain Kg and the rotation angular 
20 speed of the motor 10. The gain regulator 20d is provided 
as means for regulating the gain Kg. 

The control unit 20 stores the relation between a 
motor output correction value, which is preliminarily 
determined in such a way as to compensate for the influence 
25 of the inertia on steering, and the steering angular 
acceleration correspondence value du/dt. In this 
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embodiment, the motor output correction value is a 
compensation current value Ic* The relation therebetween 
is determined so that a steering feeling can be prevented 
from being worsened under the influence of the inertia when 
5 a steering speed changes. The relation^ according to which 
as the magnitude of the steering angular acceleration 
correspondence value du/dt increases ^ the iciagnitude of the 
compensation current value Ic linearly increases as 

tnd i c a Le d . by. — rsoirid — i-±rnes — ±rn fo* — exeat ^le,. — FIC> 4 /. . — SrS- 

10 preliminarily determined and stored in the control unit 20. 
This relation is stored therein in the form of, for 
instance, a lookup table or an operation expression • The 
compensation current value Ic is obtained at a computing 
portion 20i according to the stored relation and the 
15 obtained steering angular acceleration correspondence value 
du/dt. 

A target drive current I* of the motor 10^ which is 
a sum of the obtained assist current value la and the 
compensation current value Ic, is obtained at an adder 20j . 

20 The control unit 20 performs feedback control operations 
on the motor 10 through a drive circuit Ic so that the 
motor current I corresponds to the target drive current. 
Consequently, the motor 10 is controlled such that the 
steering assisting force is corrected according to the 

25 compensation current value Ic- 

According to the aforementioned embodiment, the 
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influence of the inertia of the steering-assisting- force 
generating motor 10 is compensated for according to the 
value du/dt corresponding to a sum of the rotation angular 
acceleration of the motor 10 and the value obtained by 
5 multiplying the change acceleration of the steering torque 
T by the gain Kg- The gain Kg can be adjusted by the gain 
regulator 20d. Thus^ the ratio of the change acceleration 
Of the steering torque T to the rotation angular 

e^€ee4rega:fe-i on :--o^— ^he->mot:o r 1 0 of the fl u m can be — incxfija^-Si^ 

ao Consequently^ in a case where the steering direction is 
reversed at high speed, the compensation current value Ic 
corresponding to the steering angular acceleration du/dt 
can be increased, and the influence of the Inertia can be 
compensated for with accurate timing. 
15 In the aforementioned embodiment, the magnitude of 

the compensation current value Ic linearly increases with 
increase in the magnitude of the value du/dt corresponding 
to the steering angular acceleration, as indicated by a 
solid line in FIG. 4. Instead, as indicated by a double- 
20 dashed-chain line in FIG* 4, the rate of increase in the 
magnitude of the compensation current value Ic in a range, 
in which the value du/dt corresponding to the steering 
angular acceleration is large, may be set to be larger than 
that of the compensation current value Ic in a range, in 
25 which the magnitude of the value du/dt corresponding to the 
steering angular acceleration is small, as an alternative 
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modification- Thus^ in the range in which the itiagnitude of 
the value du/dt corresponding to the steering angular 
acceleration is siaallr the magnitude of the compensation 
current value Ic is set to be smaller than that of the 
5 compensation current value Ic in the case of the 
aforementioned embodiment. Conversely, in the range in 
which the magnitude of the value du/dt corresponding to the 
steering angular acceleration is large, the magnitude of 

r-, ^fehe — compensation — curr e nt — vaivie — tc — is — set — to be — larger — th a n 

10 that of the compensation current value Ic in the case of 
the aforementioned embodiment- A range of the magnitude of 
the value du/dt corresponding to the steering angular 
acceleration from 0 to a shown in this figure is a dead 
zone in which the magnitude of the compensation current 
15 value Ic is set to be 0. Consecnaently^ in the case that 
the magnitude of the value du/dt corresponding to the 
steering angular acceleration is small, and that the 
necessity for compensating for the inertia is low/ the 
compensation current value can be prevented from becoming 
20 excessively high. Conversely^ in the case that the 
magnitude of the steering angular acceleration 
correspondence value du/dt is large/ and that the necessity 
for compensating for the inertia is high/ the compensation 
current value can be prevented from becoming insuf f iclent- 
25 Proper compensation for the inertia can be performed. 

The invention is not limited to the aforementioned 
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erobodiment and to the modification. For example, the 
rotation angular speed of the motor 10 may be directly 
detected by using an encoder. Alternatively^ the rotation 
angular speed and the rotation angular acceleration of the 
5 motor may be obtained as the number of revolutions per unit 
of time and change in the number of revolutions per unit of 
time/ respectively, instead of an angular speed and an 
angular acceleration- The mechanism for transmitting a 

— notation of — ^the — steering wheel to the vehicle wheels in 

10 such a way as to change the steering angle is not limited 
to that of the embodiment. This mechanism may be adapted 
to transmit a rotation of the steering wheel to the vehicle 
wheels through the steering shaft and a link mechanism. 
The mechanism for transmitting an output of the steering- 
is assisting-force generating motor to a steering system is 
not limited to that of the embodiment. Another mechanism 
may be employed, as long as this mechanism can give a 
steering assisting force thereto. For instance, a steering 
assisting force may be given thereto by driving a ball nut 
20 to be screwed to a ball screw, which is integral with a 
rack, by using the output of the motor. Although the value 
(1/K) • (dT/dt) is multiplied by the gain Kg in the 
aforementioned embodiment, the steering torque change rate 
dT/dt may be multiplied by the gain Kg as long as the 
25 steering angular acceleration correspondence value 
corresponds to a sum of a value obtained by multiplying a 
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1^ & II t 

change acceleration of a steering torque change 
acceleration by the gain and a rotation angular 
acceleration of the motor* 

An electric power steering device according to the 
5 invention can compensate for the influence of the inertia 
of a motor, which is used for generating a steering 
assisting force, on steering with accurate timing and also 
can prevent a steering feeling from being worsened. 



14 



